The aim of this study was to determine the optimal biological sample and the optimal extraction technique for monitoring methadone concentrations in biological samples. We analysed methadone in serum and whole blood samples using gas chromatography/mass spectrometry (GC/MS). Before analysis, we compared five solid-phase extraction (SPE) and two liquid-liquid extraction (LLE) methods and determined that SPE with Supelco LC-18 in serum yielded the best extraction efficiency. The limit of detection was 10 ng mL -1 and the limit of quantification 25 ng mL . Intra and inter-day accuracy and precision of the method was satisfactory. The method was successfully applied for determining serum methadone in patients on maintenance therapy.
phencyclidine, propoxyphene and tricyclic antidepressants drug class). Bond Elut NEXUS SPE columns were bought from Agilent Technologies (Santa Clara, CA, USA), and Supelclean Envi Florisil, Supelclean LC-18, ReversedPhase, and Amberlite XAD-2 Polymeric Adsorbent from Supelco, Sigma Aldrich (St. Louis, MO, USA).
Phosphate buffer was prepared in a volumetric flask of 500 mL by dissolving sodium phosphate dihydrate phosphate (1.56 g) and sodium dihydrogen phosphate dihydrate (1.77 g). The solutions were combined and adjusted to pH 6.9 using 4 mol L -1 sodium hydroxide solution. The obtained buffer solution was filtered through vacuum filter with the pore size of 0.2 µm.
The ratio between dichloromethane and isopropanol used in SPE for elution was 9:1 (v/v 9:1).
Standard solution
Methadone working standard solutions were prepared by dilution with methanol to a final concentration of 10 µg mL -1 and were used to prepare calibration samples. To establish linearity, a calibration curve was calculated by analysing drug-free blood samples spiked with methadone at the concentrations of 50, 100, 500, 1000, and 2000 ng mL 
Samples and sample preparation
Human blood samples were obtained from healthy volunteers and tested with GC/MS. All samples were negative to methadone. Blood was stored in containers that did not contain an anticoagulant. The concentration of methadone in all the prepared whole blood and serum samples was 5000 ng mL -1 . All total ion chromatograms (areas under the curve, AUC) were compared for each sample type separately. The extraction method that made the greatest response to the instrument was determined and validated, and that method was further used for laboratory testing of methadone concentration. Serum was separated by centrifugation (at 1500 g for 15 min) at room temperature after the formation of coagulum (15-30 min) and stored in a refrigerator at +4 °C for a maximum of 3 days. Unlike serum, whole blood samples were analysed immediately to avoid coagulation.
Proteins in serum samples (1 mL aliquots) for SPE were precipitated with acetonitrile and isopropanol and applied to preconditioned SPE cartridges.
We also used the best extraction method to analyse 10 serum samples from patients undergoing methadone treatment. These clinical samples were taken as part of standard toxicological analysis for legal and illegal drugs. 
Solid-phase extraction (methods 1-5)
Whole blood samples (950 µL) were mixed with a 50 µL standard solution and prepared by adding 4 mL of phosphate buffer (pH 6.9) drop by drop at constant twirling. After a three-minute pause, the samples were centrifuged at 1500 g for 10 min and 4 mL of supernatant separated from the rest.
One-millilitre serum samples were precipitated with 2 mL of acetonitrile-isopropanol mixture (v/v 1:1).
The procedure for SPE sample preparation (using the standard solution of methadone and buffering of samples) was the same as described above (Figure 1) .
We developed five SPE methods to determine methadone in whole blood and serum samples (see methods 1-5 below). The columns used for SPE are common in the preparation of biological samples for toxicological analysis. All the SPE columns were conditioned with 2 mL of phosphate buffer and 1 mL of sterile water prior to sample Veršić Bratinčević M, et al. Comparison of SPE and LLE methods for methadone GC/MS determination in serum and blood Arh Hig Rada Toksikol 2017;68:308-314
Figure 1 Flowchart for testing the whole blood and serum samples spiked with standard solutions of methadone in order to select optimal SPE extraction method for quantitative determination of methadone with GC/MS
loading. The samples were passed through columns using low vacuum (1 mL min -1 ), and the columns were washed with 1 mL of distilled water for methods 1-4. The eluates were evaporated under a nitrogen stream. For methods 1 and 2, we tested Bond Elut Nexus SPE columns using a different elution solvent, while for methods 3 and 4 we used the same elution solvent, but the dry residue was redissolved with different organic solvents.
Method 1: Samples were eluted from the Bond Elut Nexus SPE column with 2x6 mL of dichloromethaneisopropanol mixture (v/v 9:1) in a glass tube. The eluates were evaporated under a nitrogen stream and the obtained extracts dissolved in 30 μL of ethyl acetate and transferred to glass tubes for GC/MS analysis.
Method 2: Samples were eluted from the Bond Elut Nexus SPE column with 2 mL of methanol, and the eluates collected in glass test tubes and evaporated under a stream of nitrogen. The extracts were dissolved in 30 μL of ethyl acetate and transferred to glass tubes for GC/MS analysis.
Method 3: Samples were eluted from the Supelco LC-18 SPE cartridge with 2 mL of methanol in a glass chemical tube. After evaporation under a stream of nitrogen, a dry residue was dissolved in 30 µL of chloroform, and the extracts transferred to glass tubes for GC/MS analysis.
Method 4: Samples were eluted from the Supelco ENVI Florisil SPE column with 2 mL of methanol, and the eluates collected in glass test tubes and evaporated under a stream of inert nitrogen. The extracts were dissolved in 30 µL of ethyl acetate and transferred to glass tubes for GC/MS analysis.
Method 5: Amberlite XAD 2 resin adsorbent in a champagne column was conditioned with distilled water and methanol (25 mL each). The supernatant was passed through the column. The column was washed with distilled water (25 mL). Samples were then eluted through anhydrous sodium sulphate with a mixture of ethyl acetate and chloroform (v/v 3:2). The resulting eluates were evaporated in a fume hood. The extracts were dissolved in 30 μL of ethyl acetate and transferred to glass vial inserts for GC/ MS analysis.
Liquid-liquid extraction (methods 6 & 7)
For this study we tested two liquid-liquid extractions, which differed only in the preparation of the tubes before adding whole blood and serum samples (Figure 2) .
After the samples were put in the tube, we followed the same procedure for both, as follows.
Method 6 was developed in the house. To a glass tube with screw and a cap we added 1.8 g of sodium tungstatedihydrate and 2 mL of ethyl acetate-dichloromethane mixture (v/v 1:3).
For method 7 we used Varian's Toxi-Tubes A (Palo Alto, CA, USA).
For both LLE methods, to 1 mL of whole blood or serum we added 4 mL of phosphate buffer (pH 6.9) drop by drop.
The serum samples were then precipitated with a 2 mL mixture of acetonitrile and isopropanol (v/v 1:1), pipetted into tubes for both methods 6 and 7, and gently mixed for 2 min. After a 3 minute pause, the tubes with 4 mL of serum or whole blood supernatant were capped and mixed in a rotary mixer at 0.56 g for 10 min, and then centrifuged at 1500 g for another 10 min. The eluate was evaporated to dryness in a fume hood. The extracts were dissolved in 30 µL of chloroform and transferred to glass tubes for GC/ MS analysis.
Chromatography
For both extraction methods we followed the same GC/ MS procedure on a Shimadzu GC/MS QP 2010 (Kyoto, Japan). The chromatographic column was RTX-5MS (5 % diphenyl-95 % dimethyl polysiloxane, length 30 m, diameter 0.25 mm, film thickness 0.25 μm, Restek, Bellefonte, PA, USA). The analyses were performed using MS full scan (40-600 m/z). One µL of sample was injected
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Figure 2 Flowchart for testing the whole blood and serum samples spiked with standard solutions of methadone in order to select the optimal LLE extraction method for quantitative determination of methadone with GC/MS
in splitless mode. The injector port temperature was set to 250 °C. Ultra-pure grade helium was used as the carrier gas at a flow rate of about 1.5 mL min -1 . The initial column temperature of 90 °C was held for 3 min, then programmed to rise to 270 °C at 20 °C min -1 , and held for 3 min.
Extraction method validation
Validation included the linearity, sensitivity, selectivity, intra-and inter-day precision, and accuracy of the methods tested on human serum samples.
The calibration curve was obtained by analysing five serum solutions spiked with methadone in the concentration range of 50-2000 ng mL -1 . For each standard solution we made three replicate measurements.
Selectivity was evaluated by injecting six samples of blank serum matrices to exclude potential interferences.
Accuracy and precision were evaluated based on three replicates of six serum samples spiked with methadone in the concentrations of 100, 500, and 1000 ng mL . Accuracy (bias) is expressed as the percentage of the true value, and precision as the relative standard deviation.
Reproducibility was established using the same range of concentrations as described above. Each concentration was measured in triplicate over five consecutive days. For each value we statistically determined its relative standard deviation using the Graph Pad Prism Software (San Diego, CA, USA) and MS Office Excel 2010 packages (Microsoft, Redmond, WA, USA).
Selectivity was tested by analysing serum samples spiked with a mixture of most common licit and illicit drugs (DAU HC2).
RESULTS AND DISCUSSION

Comparison of extraction methods and biological samples
The comparison of the seven extraction methods for whole blood samples showed that method 3 -extraction with Supelco LC-18 columns -yielded the best result (Figure 3) .
The same extraction method also yielded the best results for serum samples (Figure 4) , and the two sample types did not differ significantly, in fact, the detector responses were almost identical, which suggests that both whole blood and serum can be used for toxicology screening for methadone ( Figure 5 ).
SPE method 3 validation findings
The linearity of the methadone measurements was confirmed with the concentration ranges from 50 to Veršić The method was also highly selective, as the peaks of the tested licit and illicit drug components in serum did not overlap.
The limit of methadone quantification was 25 ng mL -1 , and the limit of detection 10 ng mL -1 (signal-to-noise ratio ≥3). Tables 1 and 2 show the intra-and inter-day accuracy and precision of method 3, respectively.
Among the other methods, Bond Elut column Nexus also gave good detector response for methadone, and can be used for SPE. Liquid-liquid extraction with Toxi-Tube A showed good results in the extraction of whole blood samples, and its use is very suitable for easy, fast, and costeffective sample preparation in the laboratory. The lowest results were for the extraction in the champagne column packed with Amberlite XAD2 resin, and this extraction procedure is not recommended for methadone determination and quantification in either whole blood or serum.
The choice of the extraction method should also depend on the practical issues, such as matrix selection. One of the advantages of serum over whole blood samples is that they do not require an additional preparation step for extraction. However, in terms of GC/MS measurement, both whole blood and serum yield nearly identical results with the method we validated. This implies that both biological samples can be successfully applied in clinical and forensic toxicology.
CONCLUSION
Our study suggests that SPE has an edge over LLE for both serum and whole blood samples. The validated extraction method 3 with Supelco LC-18, which achieved the best results, is simple and reliable and can easily be implemented in everyday laboratory practice for the determination of methadone in serum or whole blood.
However, serum samples do not require the precipitation step in preparation, which makes them more suitable and stable for GC/MS analysis. The method showed satisfactory precision and accuracy. The measured RSD value was below 10 %. The method can be of great importance when it is necessary to determine the level of methadone in order to tailor therapy for each patient undergoing maintenance programmes.
Figure 4 Total ion chromatograms of serum samples spiked with methadone at 5 µg mL -1 . Comparison of the results obtained from the serum samples using all seven extraction methods
Figure 5
Comparison of total ion chromatograms for serum [1] and whole blood samples [2] spiked with methadone (5 µg mL -1 ) and obtained with extraction method [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 
